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(54) Vacuum attraction type substrate holding device. 

(57) A vacuum attraction type substrate holding 
system includes a vacuum source ; a distributor 
for distributing vacuum from the vacuum sour- 
ce into plural vacuum lines; a plurality of 
vacuum attraction type substrate holding por- 
tions corresponding to the vacuum lines, re- 
spectively, each of the substrate holding 
portions having a valve which is openable and 
closable for control of supply of vacuum to the 
corresponding substrate holding portions, whe- 
rein the opening or closing of each valve is 
influential to control attraction or release of a 
substrate to or from a corresponding substrate 
holding portion ; and a plurality of restriction 
valves each being disposed between the dis- 
tributor and corresponding one of the valves, 
for serving as a resistance to a gas flowing from 
the corresponding valve. 
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FIELD OF THE INVENTION AND RELATED ART 

This invention relates to a vacuu. attraction type substrate holding device and a method therefor, for use 
in a semiconductor exposure apparatus, for example. aHrarti „ n 

Fiqure 5 shows a known example of substrate holding device for holdmg a wafer through vacuum attraction. 

In this example, a conveying chuck 51 for attracting and holding a wafer 61 is mounted to a substrate con- 
veying device which comprises a Z-stage 54 for moving the conveying chuck 51 in a Z-axis direction (perpen- 
dicular to the sheet of the drawing) and an X-stage 53 for moving the conveying chuck in an X-axis direction 
(lateral direction as viewed in the drawing). With the movement of the substrate conveying device, the wafer 
can be transferred between the conveying chuck 51 and a wafer chuck 52 adapted, like the conveying chuck 
51 to attract and hold the wafer 61 for exposure thereof. The substrate conveying device and the conveying 
chuck 51 as well as the wafer chuck 52 are placed in a vacuum chamber 62 filled with a reduced pressure ambh 



ence 



The conveying chuck 51 is communicated with a pump 60 through a vacuum line 55, a valve 57 and a dis- 
tributor 59. On the other hand, the wafer chuck 52 is communicated with the pump 60 through a vacuum line 
56 a valve 58 and the distributor 59. Thus, both of the conveying chuck 51 and the wafer chuck 52 are » operable 
to attract/release the wafer 61 in response to the pumping operation of the pump 60. The valves 57 and 58 
each comprises a three-way valve, and are selectively operable in (a) a first state for communicating the con- 
veying chuck 51 and the wafer chuck 52 with the pump 60. respectively, and (b) a second state for communn 
eating the conveying chuck 51 with the ambience within the vacuum chamber 62 (hereinafter chamber 
ambience") and communicating the wafer chuck 52 with the chamber ambience, respectively 

Here, description will now be made on transfer of a wafer 61 from the conveying chuck 51 to the wafer 
chuck 52 

First for attraction of the wafer 61 by the conveying chuck 51 . the valve 57 is turned into the state (a), that 
is. allowing communication of the conveying chuck 57 with the pump 60. Then, the pump 60 is operated to exec- 
ute attraction and holding of the wafer 61 through the conveying chuck 51 . At this time, the valve 58 is kept in 
the state (b). whereby the wafer chuck 52 is kept in communication with the chamber ambience and the pressure 
in the vacuum line 56 is kept at the same pressure as the chamber ambience pressure. 

Next the X-stage 53 is driven to move the wafer 61 . held by the conveying chuck by attraction, to a position 
above the chucking surface of the wafer chuck 52. Thereafter, the Z-stage 54 is driven to move Jhe conveying 
chuck to a position whereat the wafer 61 contacts the chucking surface of the wafer chuck 52. Then in the 
state in which the wafer 61 is in contact with the chucking surface of the wafer chuck 52 the valve 58 is turned 
into the state (a), whereby the wafer 61 is attracted to the wafer chuck 52. At this time, the wafer 61 is attracted 
both to the wafer chuck 52 and to the conveying chuck 51 and. therefore, the valve 57 is turned into the state 
(b) so as to provide communication of the conveying chuck 51 with the chamber amb.ence. to thereby cancel 
the attracting force of the conveying chuck. By this, the wafer 61 is disengaged from the <™"m^ "i 
After the wafer 61 is brought into a state in which it is attracted only by the wafer chuck 52, the Z-stage 54 and 
the X-stage 53 are driven sequentially so as to return the conveying chuck 51 to its original position, and thus 
the transfer of the wafer 61 to the wafer chuck 52 is completed. 

When the exposure of the wafer 61 held by the wafer chuck 52 is completed, the X-stage and the Z-stage 
54 are driven again so as to move the conveying chuck 51 to the position of the wafer chuck 52. and the transfer 
of the wafer61 from the wafer chuck 52 to the conveying chuck 51 is executed. In this case, through an operation 
made in an inverse order as the operation of wafer transfer from the conveying chuck 51 to the wafer chuck 
52. the wafer 61 can be transferred to the conveying chuck 51 from the wafer chuck 52. 

SUMMARY OF THE INVENTION 

With this known example, however, for transfer of a substrate between adjacent substrate holding devices, 
e.g., for transfer of a wafer from the conveying chuck 51 to the wafer chuck 52 as described, the valve 58 ■ 
switched to cause communication of the wafer chuck 52 with the pump 60 in order to turn the wafer chuck 52 
into an attracting state. Since however at that time the vacuum line 56 communicated with the wafer chuck 52 
already has the same pressure as the chamber ambience, in response to the switching of the valve 58 a gas 
of high pressure flows into the distributor 59 and. as a result, the distributor 59 pressure rises. This reduces 
the attracting force and causes a possibility of insufficient differential pressure between the conveying chuck 
55 51 and the chamber ambience, leading to undesirable drop of the substrate. 

It is accordingly a primary object of the present invention to provide a vacuum attraction type substrate hold- 
ing device by which, for attraction and holding of a substrate, a sufficient differential pressure » maintained 
between an ambience pressure and an attracting pressure when the substrate is attracted and held by the sub- 
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strate holding device. 

In an arrangement according to the present invention, an attraction line of an attraction source, for vacuum 
attraction, is distributed and coupled to a plurality of vacuum attraction type substrate holding means, and valve 
means is interposed to control engagement/disengagement of a substrate to/from each substrate attracting 

5 means. Between the distributor and the valve means, a restriction (throttle) valve is interposed and, additionally, 
between the substrate holding means and the valve means, a vacuum sensor is interposed to detect the attract- 
ing pressure of that substrate holding device. 

In the vacuum attraction type substrate holding device of this aspect of the present invention, during a 
period in which one vacuum attraction type substrate holding means holds a substrate, the restriction valve 

10 serves to prevent flow of a gas of high pressure from another vacuum attraction type substrate holding means 
thereinto. Since this restriction valve is interposed between the valve means and the distributor, for removal of 
a difference between the ambience pressure and the attracting pressure of the substrate holding device for 
disengagement of a substrate from that substrate holding device, the gas can be flown without passing the res- 
triction valve. 

15 In another aspect, in the example described hereinbefore, both of the conveying chuck and the wafer chuck 

are coupled to a common attraction source, and the attracting pressure is the same and constant when they 
attract a substrate. This causes some inconveniences such as follows: 

(I) The limit differential pressure dPL for attraction of a substrate depends on the factors such as below: 
(1) weight of substrate; 

20 (2) surface roughness of substrate; 

(3) flatness of substrate; 

(4) surface roughness of attracting surface of substrate holding device; 

(5) flatness of attracting surface of substrate holding device; and 

(6) area of attracting surface of substrate holding device. 

25 Where the attracting pressure is set to be equal to the limit differential pressure dPLfor execution of holding, 

transfer and conveyance of a substrate, there is a possibility of disengagement of the substrate from the 
chucking surface if a resist coating extends around the edge to the bottom of the substrate or if foreign 
particles are adhered to the attracting surface. 

On the other hand, if the attracting pressure is set to be equal to the maximum pressure difference, it takes 
30 a long time period until that attracting pressure is established. This causes a decrease of throughput 

(II) In conveyance of a substrate, if high-speed conveyance is to be ensured, it needs a large conveyance 
speed and a large acceleration until that conveyance speed is reached. This necessitates a large differen- 
tial pressure between the ambience pressure and the attracting pressure of the conveying chuck, for pre- 
vention of drop of the substrate. On the other hand, when such a device is incorporated into a 

35 semiconductor device manufacturing exposure apparatus which uses ultraviolet rays or X-rays, there is a 

necessity of removing heat generated in a mask by irradiation of the same with X-rays or the like to a tem- 
perature-controlled wafer chuck. To this end, a space between the mask and a wafer or a clearance be- 
tween the wafer and the wafer chuck may be filled with a gas of helium for enhanced heat transmission 
efficiency. However, if the differential pressure of the conveying chuck is made large as described, the deg- 

40 ree of vacuum in the clearance between the wafer and the wafer chuck increases, resulting in a decrease 

of helium gas. This causes an increase in the thermal contact resistance and thus a decrease in the heat 
transmission efficiency. Also, even if a suitable differential pressure is set to provide a decreased thermal 
contact resistance, a change in pressure causes a corresponding change in the thermal contact resistance 
and thus a change in the mask temperature which directly results in non-good exposure. 

45 (III) Where a plurality of substrate holding means such as a conveying chuck, a wafer chuck and the like 

are used, among them there is a difference in respect to the area of attracting surface, the surface rough- 
ness of the holding surface and the like. Therefore, using the same pressure results in differences in the 
attracting force. 

It is accordingly another object of the present invention to provide a substrate holding method usable with 
so an exposure apparatus having a plurality of substrate holding means, by which an enhanced reliability is 
assured in respect to the substrate holding. 

In a substrate holding method according to this aspect of the present invention, which is usable with an 
exposure apparatus having a plurality of vacuum attraction type substrate holding means, for a step of trans- 
ferring a substrate between two substrate holding means, for a step of conveyance of the substrate or for a 
55 step of execution of exposure of the substrate, the attracting pressure of a corresponding substrate holding 
means is controlled to an optimum level which is predetermined in respect to that step. Such optimum attracting 
pressure may be determined in the relation with an ambience pressure or it may be determined in the relation 
with a corresponding substrate holding means. 
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Since, in the substrate holding method according to this aspect of the present invention, when used with 
a plurality of vacuum attraction type substrate holding means, for a step of transferring a substrate between 
two substrate holding means, for a step of conveyance of the substrate or for a step of execute of exposure 
of the substrate, the attracting pressure of a corresponding substrate holding means is controlled to an optimum 
5 level which is predetermined in respect to that step, as described, assured holding of the substrate by the cor- 
responding substrate holding means is attainable. Also, this ensures smooth execution of each step. 

These and other objects, features and advantages of the present invention will become more apparent upon 
a consideration of the following description of the preferred embodiments of the present invention taken in con- 
junction with the accompanying drawings. 

10 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a schematic view of a vacuum attraction type substrate holding device according to an embo- 
diment of the present invention. 
15 Figure 2 is a schematic view for explaining disposition of restriction valves. 

Figure 3 is a schematic view of another embodiment of vacuum attraction type substrate holding device 
of the present invention, which is incorporated into a semiconductor exposure apparatus. 

Figures 4A and 4B are schematic representations for explaining the attracting pressure controlling oper- 
ation to be made in the Figure 3 embodiment, wherein Figure 4A exemplifies optimum attracting pressures in 
20 various steps in a reduced ambience pressure and Figure 4B exemplifies optimum attracting pressures in some 
steps in an atmospheric pressure. 

Figure 5 is a schematic view of a known example of vacuum attraction type substrate holding device. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

25 

Figure 1 shows an embodiment of vacuum attraction type substrate holding device according to the present 
invention. 

In this embodiment, four vacuum attraction type substrate holding means (conveying chucks 11, 21 and 
31 and a wafer chuck 41 ) are accommodated in a vacuum chamber such as shown in Figure 5. During pumping 
30 operation of a pump 1 disposed outside the vacuum chamber, the conveying chucks 1 1, 21 and 31 as well as 
the wafer chuck 41 are operable for engagement/disengagement of a substrate, for conveyance of the substrate 
and for transfer of the substrate therebetween, in response to opening/closing of valves 13, 23, 33 and 43, re- 
spectively, which are disposed on vacuum lines 1 5, 25, 35 and 45, respectively, being communicated with these 
chucks, respectively. 

35 An attraction line 3 of the pump 3 is coupled to a distributor 2, whereby it is distributed to the four vacuum 

lines 15, 25, 35 and 45 communicated with the conveying chucks 11, 21 and 31 and the wafer chuck 41, re- 
spectively. On each of the vacuum lines 15 - 45, a restriction (throttle) valve 14 (24, 34, 44) and a valve 13 (23, 

33, 43) are disposed in an order from the distributor 2 side. Additionally, between the valve 13 (23, 33, 43) and 
the chuck 1 1 (21 , 31 , 41), there is provided a vacuum sensor 1 2 (22, 32, 42) for detection of the attracting press- 

40 ure of the corresponding substrate holding means. Each of the valves 1 3, 23, 33 and 43 comprises a three-way 
valve and serves to switch the corresponding chuck 1 1, 21, 31 or 41 between a state (a) in which that chuck 
is allowed to be communicated with the pump 1 and another state (b) in which that chuck is opened to the inside 
ambience pressure of the vacuum chamber. When during the pumping operation of the pump 1 each of the 
valves 13. 23, 33 and 43 is turned into the state (a), each of the conveying chucks 11, 21 and 31 as well as 

45 the wafer chuck 41 can attract a substrate. When on the other hand each valve 13, 23, 33 or 43 is turned into 
the state (b), the attraction of the substrate is released whereby the substrate can be disengaged from a cor- 
responding chuck. 

The restriction valves 14, 24, 34 and 44 each is provided so as to suppress a pressure rise (when any of 
the valves 13, 23, 33 and 43 is opened/closed) which otherwise might be caused in a corresponding one of 
so "the other" chucks (conveying chucks or wafer chuck). 

As regards the site whereat the restriction valve 14 (24, 34, 44) can be disposed, on the vacuum line 15 
(25, 35, 45) on which the valve 13 (23, 33, 43) is provided, as shown in Figure 2, there are three possible exam- 
ples: that is, (i) a position (position (1) in Figure 2) between the conveying chuck 1 1 (21 , 31) or the wafer chuck 
41 and the vacuum sensor 12 (22, 32, 42); (ii) a position (position (2) in Figure 2) between the vacuum sensor 
55 12 (22, 32, 42) and the valve 13 (23, 33, 43); and (iii) a position (position (3) in Figure 2) between the valve 13 
(23, 33, 43) and the distributor 2. In this preferred form of the present invention, the restriction valve 14 (24, 

34, 44) is disposed at a position (position (3) in figure 2) between the valve 13 (23, 33, 43) and the distributor 
2. 
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Here, description will be made to the three cases of the disposition of the restriction valve at each of the 
three positions. 

In the case of the position (1), due to the restriction valve, a pressure decreased portion is defined between 
each chuck and the vacuum sensor. As a result, the vacuum sensor does not represent the vacuum pressure 

5 of a corresponding chuck but it represents the pressure of a portion at the pump side of the restriction valve, 
having a higher degree of vacuum. In this case, therefore, there is a high possibility that the vacuum pressure 
at the chucking surface does not reach a level required to attract the substrate and thus the differential pressure 
to the ambience pressure is insufficient, causing drop of the substrate. 

If the restriction valve is disposed at the position (2), the vacuum sensor is at the chuck side of the restriction 

w valve. Thus, it can represent the vacuum pressure of a corresponding chuck. However, when the valve 13 (23, 
33, 43) is switched to release the attraction of the substrate by the chuck, since the restriction valve is at the 
chuck side of the valve 13 (23, 33, 43), a prolonged time is necessary until the ambience pressure level is 
reached. This causes decreased throughput 

When the restriction valve is disposed at the position (3), the vacuum sensor is at the chuck side of the 

15 restriction valve and, therefore, it can represent the vacuum pressure of a corresponding chuck. Additionally, 
when the valve 13 (23, 33, 43) is opened, since that valve is at the chuck side, the pressure at the corresponding 
chucking surface can reach the ambience pressure level in a short time. Thus, the inconveniences involved in 
the cases of the positions (1) and (2) are removed, and best results are obtainable. 

Next, the substrate transfer operation according to the present invention will be explained. 

20 In this embodiment, three conveying chucks 1 1 , 21 and 31 as well as one wafer chuck 41 are used. Since 

however the transfer of a substrate between chucks can be done essentially in the same manner, description 
will now be made only on the transfer of a substrate from the conveying chuck 11 to the conveying chuck 21. 

First, the pump 1 is energized into a pumping state, and the valve 13 on the vacuum line 15 coupled to the 
conveying chuck 1 1 is turned into the state (a). In this state, the conveying chuck 1 1 is in communication with 

25 the pump 1, whereby an attracting force is produced and thus a wafer 61 is attracted and held to it. Here, the 
remaining valves 23, 33 and 43 are kept in the state (b) and, thus, the conveying chucks 21 and 31 as well as 
the wafer chuck 41 are kept substantially at the inside ambience pressure level of the vacuum chamber. 

When in this state the substrate is going to be transferred from the conveying chuck 1 1 to the conveying 
chuck 21, the valve 23 disposed on the vacuum line 25 coupled to the conveying chuck 21 is turned into the 

30 condition (a), to provide communication between the conveying chuck 21 and the pump 1 to thereby cause the 
conveying chuck 21 to produce an attracting force. Since the pressure of the conveying chuck 21, just before 
this, is kept at substantially the same level as the inside ambience pressure of the vacuum chamber, a gas of 
higher pressure flows from the conveying chuck 21 to the distributor 2 through the vacuum line 25. Due to this 
higher pressure gas, the attracting pressure of the conveying chuck 21, holding the substrate by attraction, 

35 increases and thus the attracting force decreases, causing a possibility of drop of the substrate being held. How- 
ever, under the influence of the restriction valve 14 disposed on the vacuum line 15 of the conveying chuck 
1 1 , between the distributor 2 and the valve 1 3, it is possible to reduce the effect of the higher pressure gas to 
the conveying chuck 21 side. 

In this case, by making the conductance of the restriction valve 14 smaller, it is possible to make the adverse 

40 effect smaller. However, it is necessary to take into account a resultant reduction in throughput, upon deter- 
mining a sufficient differential pressure between the attracting surface of the conveying chuck and the inside 
ambience pressure of the chamber for attraction and holding of a substrate. 

Next, by means of the conveying chuck 11, the substrate held by attraction is moved onto the attracting 
surface of the conveying chuck 21, whereby the substrate is attracted by both the conveying chucks 11 and 

45 12. 

Subsequently, in order to allow that the substrate is held by the conveying chuck 21 only, the valve 13 is 
turned into the state (b) to thereby to remove the differential pressure between the pressure at the attracting 
surface of the conveying chuck 11 and the inside ambience pressure of the vacuum chamber. Here, if on the 
vacuum line 15 coupled to the conveying chuck 11 the restriction valve 14 is located at the conveying chuck 
50 11 side of the valve 13, it take a longer time until the differential pressure is eliminated. In this embodiment, 
however, since it is disposed at the pump 1 side of the valve 13, there is no problem. 

By eliminating the differential pressure between the chamber ambience pressure and the attracting surface 
of the conveying chuck 1 1, in this manner, the attraction of the conveying chuck is released whereby the sub- 
strate is attracted and held by the conveying chuck 21 only. Thus, the transfer of the substrate is completed. 
55 With this arrangement of the present embodiment, the following advantageous effects are attainable: 

(1) When a substrate is attracted and held by one vacuum attraction type substrate holding means, it is 
possible to prevent flow of a higher pressure gas thereinto from another vacuum attraction type substrate 
holding means. Therefore, it is possible to constantly maintain the differential pressure between the ambi- 
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ence pressure and the attracting pressure of the vacuum attraction type substrate holding means at a level 
sufficient for the attraction and holding of the substrate. Thus, safe and assured conveyance of a substrate 
by the vacuum attraction type substrate holding means or safe and assured transfer or the like of the sub- 
strate between plural substrate holding means, is attainable. 
5 (2) On the vacuum piping means, the restriction valve is disposed between a valve and a distributor. Thus, 

when the valve is actuated to make the attracting pressure of a vacuum attraction type substrate holding 
means substantially equal to the ambience pressure for release of the substrate from that substrate holding 
means, the gas can flow without passing the restriction valve. This ensures increased throughput. 
(3) Disposing a vacuum sensor between a valve and a vacuum attraction type substrate holding means 
10 assures correct detection of an attracting pressure of the vacuum attraction surface. Thus, it is possible to 

check the goodness of attraction of the substrate by that substrate holding means. Therefore, the safeness 
and the assuredness of the substrate conveyance or substrate transfer operation is enhanced, this resulting 
in an improved reliability of the substrate holding device. 
Figure 3 shows another embodiment of the present invention. 
15 In this embodiment, the invention is applied to a semiconductor device manufacturing exposure apparatus 

wherein a conveying chuck 101 and a wafer chuck 102, each being vacuum attraction type substrate holding 
means for holding by attraction a wafer 1 20 for semiconductor exposure, are accommodated in a vacuum cham- 
ber 121. In this embodiment, the attracting pressure of each chuck is controlled. 

The conveying chuck 101 and the wafer chuck 102 are coupled to a pump (vacuum attraction source) 110, 
20 disposed outside the vacuum chamber 1 21 , by means of an attraction line 1 1 5 of the pump and two respective 
vacuum lines 105 and 106 distributed from a distributor 109. 

Provided on the vacuum line 105 and within the vacuum chamber 121 are a first vacuum sensor 111 for 
detecting the pressure at the wafer attracting surface of the conveying chuck 101 and a first valve 107 com- 
prising a three-way valve, in the named order from the conveying chuck 101 side. Also, outside the vacuum 
25 chamber 121, there is provided a first restriction valve 113 which serves as a means for changing the wafer 
attracting surface pressure of the conveying chuck 101. 

Provided on the other vacuum line 106 and within the vacuum chamber 121 are a second vacuum sensor 
112 for detecting the pressure at the wafer attracting surface of the wafer chuck 102 and a second valve 108 
comprising a three-way valve, in the named order from the wafer chuck 102 side. Also, outside the vacuum 
30 chamber 121, there is provided a second restriction valve 114 which serves as a means for changing the wafer 
attracting surface pressure of the wafer chuck 102. 

The valves 107 and 108 each serves to selectively turn the conveying chuck 101 (wafer chuck 102) into 
a state (a) in which the chuck is communicated with the pump 110 and a state (b) in which the conveying chuck 
101 (wafer chuck 102) opens to the chamber inside ambience of the vacuum chamber 121. By switching the 
35 first valve 107 (second valve 1 08) into the state (a) during the pumping operation of the pump 1 1 0, a differential 
pressure is produced between the chamber inside ambience pressure and the wafer attracting surface of the 
conveying chuck 101 (wafer chuck 102), whereby a wafer 120 can be attracted thereto. Also, by switching the 
first valve 107 (second valve 1 08) into the state (b), the pressure at the wafer attracting surface of the conveying 
chuck 1 01 (wafer chuck 1 02) can be made substantially equal to the chamber inside ambience pressure, such 
40 that the wafer 20 cannot be attracted to it 

Throttle valves 113 and 114 each has a variable degree of opening which is controlled through a controller 
1 1 6 by means of a central processing unit (CPU) 117 which serves as a restriction control means. In accordance 
with the controlled degree of opening, the attracting pressure of the conveying chuck 101 (wafer chuck 102) 
to the wafer 120 is determined. 
45 The conveying chuck 101 is mounted to a substrate conveying device which includes an X-stage 103 for 

moving the conveying chuck 101 in the X-axis direction (lateral direction as viewed in the drawing) and a Z-stage 
104 for moving the conveying chuck in the Z-axis direction (perpendicular to the sheet of the drawing). The 
conveying chuck can be moved by this substrate conveying device, for transfer of a wafer 120 between it and 
the wafer chuck 102 or a wafer cassette (not shown) for accommodating the wafer 120. 
so The wafer chuck 102 can be moved, while attracting and holding a wafer 120, by means of a conveying 

device (not shown) from the position for wafer transfer with the conveying chuck 1 01 to a predetermined expos- 
ure position for exposure of the wafer. 

In this embodiment, as for the step of controlling the attracting pressure of the conveying chuck 101, the 
transfer and conveyance of a wafer to the wafer cassette and the transfer and conveyance of a wafer to the 
55 wafer chuck 102, both to be done in the vacuum chamber 121 as well as the transfer and conveyance of a 
wafer to the wafer cassette to be done in an atmospheric pressure, will be discussed. Also, as regards the wafer 
chuck 102, the conveyance of a wafer to the exposure operation and the exposure operation at the exposure 
position will be discussed. 

6 
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For each step as described, an optimum level of the attracting pressure is predetermined as a set level, 
and such set level is memorized beforehand into a memory means 118 such as a read-only-memory (ROM). 
Optimum attracting pressures for these steps are shown in Table 1 , below: 

5 



TABLE 1 



20 



50 



No. 


AMBIENCE 
PRESSURE 


OPERATION 


ATTRACTING 
FORCE 


EFFECT 


OPTIMUM A f 
PRESJ 

CONV. CHUCK 
mi 


ETRACT I NG 
SURE 

WAFER CHUCK 


1 


Atmos . 
Pb 


Convey. 


Max. 


Reliable 


PI 

(Diff. Press. 
80 Torr) 




Ditto 


Ditto 


Holding 
Limit 


Throughput 


2 


Ditto 


Transfer 


Max. 


Reliable 


! P2 

(Diff. Press. 
100 Torr) 


- 


Ditto 


Ditto 


Holding 
Limit 


Throughput 


3 


Reduced 
Pa 


Convey . 


Max. 


Reliable 


P3 

(Diff. Press. 
80 Torr) 


P3w 

(Diff. Press. 
50 Torr) 


Ditto 


Ditto 


Holding 
Limit 


Throughput 


4 


Ditto 


Transfer 


Max. 


Reliable 


P4 

(Diff. Press. 
100 Torr) 


P4w 

(Diff. Press. 
70 Torr) 


Ditto 


Ditto 


Holding 
Limit 


Throughput 


5 


Ditto 


Exposure 


Max. 


Corrective 
Force 




P5 

(Absolute 
Pressure 
70-80 Torr) 


Ditto 


Ditto 


Holding 


Thermal 
Contact R. 
Reduced 



55 In Table 1 , the optimum attracting pressure (P1 , P2, P3 and P4) for each operation of the conveying chuck 

101 is determined in terms of the differential pressure with respect to the ambience pressure. Also, as for the 
wafer chuck 102, the optimum attracting pressure (P3w, P4w) for the wafer conveyance or transfer operation 
is determined in terms of the differential pressure with respect to the ambience pressure while the optimum 

7 
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attracting pressure (P5) for the exposure operation is determined in terms of the absolute pressure. 

For example, item "No. 4* defines the optimum attracting pressure P4 of the conveying chuck 101 for its 
wafer transfer operation (step) to the wafer cassette, to be made in the reduced pressure ambience (in the 
vacuum chamber 121) as well as the optimum attracting pressure P4wof the wafer chuck 102 for its transfer 

5 operation for receiving a wafer from the conveying chuck 101 in the same ambience. 

The optimum attracting pressures P4 and P4w of the conveying chuck 101 and the wafer chuck 102. re- 
spectively, are determined in terms of the differential pressure with respect to the ambience pressure Pa, as 
described, and the optimum attracting pressure P4 is set to be equal to a differential pressure 100 Torr to the 
ambience pressure while the optimum attracting pressure P4w is set to be equal to a differential pressure 70 

10 Ton* to the ambience pressure. 

The optimum attracting pressures P4 and P4w each is at a level which is in the range between a maximum 
differential pressure corresponding to the maximum attracting force and the holding limit differential pressure 
corresponding to the limit attracting force necessary for the attraction of a wafer. This is also with the case of 
the remaining steps (operations). 

is If the attracting pressure is set at a level corresponding to the maximum attracting force, the reliability of 

substrate holding increases. However, it takes a longer time until the attracting pressure at the wafer attracting 
surface reaches a level corresponding to the maximum attracting force, and the throughput decreases. Also, 
if the attracting pressure is set at the holding limit differential pressure, higher throughput is attainable but the 
reliability of substrate holding degrades. 

20 Since the conveying chuck 101 and the wafer chuck 102 are different from each other in respect to the 

area or the surface roughness, the above-described optimum attracting pressures P4 and P4w are so deter- 
mined, while taking into account this, to sufficiently satisfy both of the reliability and the throughput 

The optimum attracting pressure of the wafer chuck 1 02 in item "No. 5" for the exposure step is determined 
in terms of the absolute pressure, as described hereinbefore. 

25 As regards the wafer attracting force in the exposure operation, if the attitude correcting force of the wafer 

attracting surface to a wafer 1 20 is considered, a larger differential pressure to the ambience pressure is better. 
However, for reduction in the thermal contact resistance of the wafer attracting surface, a smaller differential 
pressure is better. In this embodiment, while taking into account the balance of both of the attitude correcting 
force and the thermal contact resistance described, the optimum attracting pressure P5 is set to be equal to 

30 an absolute pressure 70 - 80 Torr to the ambience pressure Pa. 

On the other hand, the optimum attracting pressures P1, P3 and P3w in the conveying steps (items No. 1 
and No. 3) each is determined while taking into account the area and the surface roughness of the conveying 
chuck 101 or the wafer chuck 102 as well as the conveying speed thereof and its acceleration until that con- 
veying speed is reached. 

35 On the basis of the set levels memorized in the ROM 1 1 8, for each step (operation) the CPU 1 1 7 outputs 

an opening control signal for the restriction valve 113 or 114, to the controller 1 1 6. In the case of the exposure 
operation, the CPU 117 monitors the attracting pressure of the wafer chuck 102 as detected by the second 
vacuum sensor 112 interposed on the other vacuum line 106 and, while continuing the monitoring, it outputs 
the opening control signal so that the detected attracting pressure becomes equal to the optimum attracting 
40 pressure P5. In the case of any of the other steps (operations), from the attracting pressure of the conveying 
chuck 1 01 or of the wafer chuck 102 as detected by the first or second sensor 1 1 1 or 1 1 2 and from the ambience 
pressure as detected by a third vacuum sensor 1 1 9 which is mounted to the inside wall of the vacuum chamber 
1 21 , the CPU calculates a differential pressure and produces an opening control signal by which the differential 
pressure becomes substantially equal to the set level of corresponding optimum attracting pressure. 
45 Next, the operation of this embodiment will be explained in conjunction with Figures 4A and 4B. 

First, by reference to Figure 4A, the operation till the exposure within a reduced pressure ambience 
(vacuum chamber 121) will be explained. 

The limit differential pressure necessary for attracting a wafer 1 20 within a reduced ambience pressure Pa 
(e.g. one hundred and tens Torr) is dPL and, if not greater than a pressure P dPL corresponding to that limit dif- 
so ferential pressure, the conveying chuck 101 or the wafer chuck 102 can attract and hold the wafer 120. 

In the initial condition, the valves 1 07 and 1 08 each is kept in the state (b) and the pressures at the attracting 
surfaces of the conveying chuck 1 01 and the wafer chuck 102 are maintained at a level substantially equal to 
the ambience pressure Pa. 

First, the X-stage 1 03 is moved by an actuator means (not shown) to move the conveying chuck 1 01 toward 
55 the wafer cassette, and the wafer transfer operation for receiving a wafer 1 20 from the wafer cassette is effected. 
Subsequently, the pump 1 10 is energized into a pumping state and the first valve 107 coupled to the conveying 
chuck 101 is turned into the state (a). By this, the conveying chuck 101 is brought into communication with the 
pump 1 1 0, whereby it can attract the wafer 120. Here, the CPU 1 1 7 reads the optimum attracting pressure P4 
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related to the wafer transfer operation of the conveying chuck 101, out of the ROM 118, and, while monitoring 
the attracting pressure as detected by the first vacuum sensor 1 1 1, it produces and applies an opening control 
signal to the controller 1 1 6 for control of the first restriction valve 1 1 3 so that the detected attracting pressure 
becomes equal to the optimum attracting pressure P4. If in this manner the attracting pressure of the conveying 
5 chuck 1 01 is adjusted and set at the optimum attracting pressure P4 and the wafer 120 is attracted to this chuck, 
then the X-stage 103 is moved to move the conveying chuck 101 for transfer of the wafer to the wafer chuck 
102. 

During this movement, the attracting pressure of the conveying chuck 101 is controlled through the CPU 
1 17 in a similar manner, so that it is maintained at the optimum attracting pressure P3 (80 Torr, in Table 1). 

w When the wafer 120 is conveyed by the operation of the X-stage 103 onto the wafer attracting surface of 

the wafer chuck 102, the Z-stage 104 is actuated to move the wafer 120 until it contacts to the wafer attracting 
surface of the wafer chuck 1 02. 

If the wafer 120 held by the conveying chuck 101 is brought into contact with the wafer attracting surface 
of the wafer chuck 1 02 in the manner described above, the second valve 108 is turned into the state (a) to cause 

15 the wafer chuck 102 to attract the wafer 120. Also, atthis time, the CPU 117 reads the optimum attracting press- 
ure P4w related to the wafer transfer operation of the wafer chuck 1 02, out of the ROM 118, and, while moni- 
toring the attracting pressure detected by the second vacuum sensor 1 12, it produces and applies an opening 
control signal to the controller 1 1 6 for control of the second restriction valve 1 14 so that the detected attracting 
pressure becomes equal to the optimum attracting pressure P4w. In this state, the wafer 120 is attracted both 

20 by the conveying chuck 101 and by the wafer chuck 102. If the attracting pressure detected by the second 
vacuum sensor 112 becomes equal to the optimum attracting pressure P4w, then the first valve 107 is turned 
into the state (b) to release the wafer 120 from the conveying chuck 101. Thus, the wafer 120 is now attracted 
and held by the wafer chuck 102 only. Thereafter, the Z-stage 104 and the X-stage 103 are actuated to move 
the conveying chuck 101 back to its original position. 

25 Subsequently, the wafer chuck 1 02 is moved to convey the wafer 1 20 to a predetermined exposure position. 

During this conveyance of the wafer 120, since the optimum attracting pressure of the wafer chuck 102 is 
P3w (50 Torr, in Table 1), in a similar manner as described the attracting pressure is monitored and controlled 
through the CPU 1 17 so that it is maintained at the optimum attracting pressure P3w. 

If the wafer 120 reaches the exposure position, in a similar manner as described the attracting pressure 

30 of the wafer chuck 1 02 is monitored and controlled through the CPU 1 1 7 so that it becomes equal to and main- 
tained at the optimum attracting pressure P5. 

When the exposure of the wafer 1 20 is completed, the above-described operation is executed in an inverse 
order, whereby the wafer 120 is transferred to the conveying chuck 101 and, additionally, by this conveying 
chuck 101 the wafer 120 is moved back into the wafer cassette. 

35 Next, by reference to Figure 4B, description will be made on a case where the ambience pressure is at an 

atmospheric pressure Pb. 

In this case, as described, there may be a wafer transfer operation and a wafer conveyance operation of 
the conveying chuck 101 in relation with the wafer cassette. The respective optimum attracting pressures are 
determined as shown in Table 1, at P2 (differential pressure 100 Torr) and P1 (differential pressure 80 Torr), 
40 respectively. 

Also in this case, like the case of the reduced ambience pressure Pa, by controlling the opening of the first 
restriction valve 113 by means of the CPU and through the controller 1 16, for each step (operation) it is possible 
to set the attracting pressure of the conveying chuck 101 at the level of a corresponding optimum attracting 
pressure. 

45 With the arrangement of this embodiment of the present invention as described above, the following advan- 

tageous effects are obtainable: 

(1) For each vacuum attracting type substrate holding means, its substrate attracting surface pressure can 
be set at an optimum attracting pressure. Therefore, even when plural vacuum attraction type substrate 
holding means which are different in respect to the area or the surface roughness of the substrate attracting 

50 surface are used, it is possible to determine respective optimum attracting pressures while taking into 

account such differences. Therefore, enhanced reliability of substrate holding is assured. 

(2) Further, since for each step an optimum attracting pressure of a vacuum attraction type substrate hold- 
ing means can be determined, it is possible to make the optimum attracting pressure determination while 
taking into account the reliability of the substrate holding as well as the enhancement of throughput Par- 

55 ticularly, in the case of the exposure step, it is possible to determine the optimum attracting pressure while 

taking into account the thermal contact resistance between the substrate and the substrate attracting sur- 
face. Therefore, precise temperature control of the substrate is assured. 

While the invention has been described with reference to the structures disclosed herein, it is not confined 
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to the details set forth and this application is intended to cover such modifications or changes as may come 
within the purposes of the improvements or the scope of the following claims. 

As can be seen from the preceding description, an aspect of the invention provides means to reduce the 
effect of connecting one of the substrate holding portions to the suction supply when another is already con- 
5 nected to the suction supply. The means, preferably in the foim of throttle valves, preferably connected between 
the suction supply and the control values. Preferably pressure sensors are also provided. 

Another aspect of the invention provides means to regulate the suction pressure of one substrate holding 
portion separately from another. This is embodied in the variable throttle valves 113,114 and the CPU 117 of 
Figure 3. 

10 

Claims 



1. A vacuum attraction type substrate holding system, comprising: 
15 a vacuum source; 

a distributor for distributing vacuum from said vacuum source into plural vacuum lines; 
a plurality of vacuum attraction type substrate holding portions corresponding to said vacuum lines, 
respectively, each of said substrate holding portions having a valve which is openable and closable for 
control of supply of vacuum to the corresponding substrate holding portions, wherein the opening/closing 
20 of each valve is influential to control attraction/release of a substrate to/from a corresponding substrate 

holding portion; and 

a plurality of restriction valves each being disposed between said distributor and corresponding one 
of said valves, for serving as a resistance to a gas flowing from the corresponding valve. 

25 2. A system according to Claim 1, further comprising control means for controlling the opening of each of 
said restriction valves. 

3. A system according to Claim 2, wherein said control means controls the opening of each of said restriction 
valves so that said substrate holding portions have different attracting pressures. 

30 

4. A system according to Claim 2, wherein said control means controls the opening of at least one of said 
restriction valves so that the attracting pressure of a corresponding substrate holding portion changes with 
time. 

35 5. A system according to Claim 1, further comprising a plurality of vacuum sensors each being provided be- 
tween corresponding one of said valves and corresponding one of said substrate holding portions, for 
detecting the attracting pressure of the corresponding substrate holding portion. 

6. A system according to Claim 5, further comprising control means for controlling the opening of each of 
40 said restriction valves on the basis of an output of corresponding one of said vacuum sensors. 

7. A system according to Claim 6, further comprising a pressure sensor for detecting an ambience pressure 
of said substrate holding portions, wherein said control means controls the opening of each restriction 
valve on the basis of an output of said pressure sensor. 

45 

8. A system according to any one of claims 1 to 7, comprising a chamber for accommodating said substrate 
holding portions and said valves in a predeteimined ambience, wherein said restriction valves are dis- 
posed outside said chamber. 

so 9. A system according to Claim 8, wherein the inside of said chamber is maintained at a predetermined 
reduced ambience pressure. 



10. A vacuum attraction type substrate holding method, comprising the steps of: 

providing a plurality of vacuum attraction type substrate holding portions each being coupled to a 
vacuum source and each having a valve for control of vacuum supply thereto from the vacuum source; 

providing restriction means for each substrate holding portion, at a position upstream of the corre- 
sponding valve with respect to the vacuum supply direction; 

causing first substrate holding portion to attract a substrate and then causing second substrate hold- 

10 
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ing portion to attract the same substrate; 

moving the second substrate holding portion to a predetermined position; and 
controlling, during said movement, the restriction by at least one of the restriction means. 

5 11. A method according to Claim 10, wherein the restriction means provides a resistance to a gas flow from 
the valve. 

12. A method according to Claim 10, wherein the restriction means has a variable opening and wherein the 
attracting pressure of a substrate holding portion is controllable by controlling the opening of the restriction 

10 means. 

13. Apparatus for holding an article by suction attraction comprising first and second suction holding devices 
(1 1 ,21,31 ,41; 101,102), first and second suction lines (15,25,35,45; 105,106) for connecting the respective 
suction holding devices to suction supply means (1;1 10), and first and second valve means (13,23,33,43; 

75 1 07, 1 08) in the suction lines for selectively connecting the respective suction holding devices to the suction 

supply means or separating them therefrom, 

characterised by means (14,24,34,44; 1 1 3,114) for reducing the effect of switching the first valve 

means to connect the first suction holding device to the suction supply means when it had previously been 

isolated therefrom, on the suction force applied by the second suction holding device to an article if the 
20 second valve means is connecting the second suction holding device to the suction supply means at the 

time of said switching of the first valve means. 

14. Apparatus according to claim 13, in which the said reducing means (14,24,34,44; 113,114) is connected 
to the first suction line (15,25,35,45; 105,106). 

25 

15. Apparatus according to claim 14, in which the said reducing means (14,24,34,44; 113,114) is connected 
to the first suction line (15,25,35,45; 105,106) between the first valve means (13,23,33,43; 107,108) and 
the suction supply means (1 ;1 10). 

30 16. Apparatus according to any one of claims 13 to 15, in which the said reducing means (14,24,34,44; 
1 13,1 14) comprises a throttle valve. 

17. Apparatus for holding an article by suction attraction comprising first and second suction holding devices 
(101,102) connected to suction supply means (110) via first and second valves (107,108), respectively, 
3 5 for selectively connecting or disconnecting the suction holding devices to or from the suction supply 

means, 

characterised by means (1 1 3, 1 14,1 1 7) to regulate the suction forces of the first and second suction 
holding devices, applied while they are connected to the suction supply means by their respective valves, 
separately from each other. 

40 



45 



50 



55 



11 



iNjcinnnin- <fp r>4ftH7??Ai I > 



EP 0 488 722 A1 




2-® s-® H%) 



ro 




ro 

CVJ 



in 




ro 
to 



to 

CM- 



CVJ 
CVJ 




ro 



in 
ro 



CVJ 

ro 



JL cvj ro 




in 



CVJ 



i> 




12 



NSOOCIO: <EP 0488722A1_I_> 



CM 



©-■ 



ro 



EP 0 488 722 A1 



ro 



aoi.namisia 




ro 

CM 




ro 
ro 




ro 




rs) 



in 

ro 



in 



CVJ 



cvj 

C\J 



-0- 



CM 

ro 



-a- 



C\J 



rS "A >s o 



CVJ 
Li. 



13 



FuM5>norjrv <fp 



048B722A1 I > 



EP 0 488 722 A1 




F I G. 3 



14 



EP 0 488 722 A1 



PRESSURE 

(REDUCED 
PRESSURE) Pa 



PdpL 



P4w 



P3w 
P5^ 



P4- 

TRANSFER 



(OPERATION) 
(HOLDING 



DEVICE) 



oLpl- 



HOLDING LIMIT 
DIFF. PRESSURE 




! I 

I TRANSFER 
CONVEYANCE ^CONVEYANCE 

l 



CONVEYING 
CHUCK 1 




! EXPO 



TIME 



WAFER 
CHUCK 2 



FIG. 4A 



PRESSURE 
(ATM. PRESSURE) Pb 

PdpL 



Pi 
P2 



TRANSFER- 



JL 



dpt.: HOLDING LIMIT 
DIFF. PRESSURE 



CONVEYING 
CHUCK 1 



TIME 
^CONVEYANCE 



FIG. 4B 

15 



EP 0 488 722 A1 




>ISDOCID: <EP 0488722A1 J_> 



EP 0 488 722 A1 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 91 31 1001 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
of relevant pa 



EP-A-Q 269 128 (TOSHIBA) 

* page 3. line 32 - page 3, line 42; figure 3 * 
GB-A-2 225 768 (MATSUSHITA) 

* page 7, line 16 - page 8, line 7; figure 5 • 



The present 



report has been drawn up for all da 



Relevant 
to daim 



CLASSIFICATION OF THE 
APPLICATION Gat. CLS) 



Flnofi 
THE HAGUE 



Date of mgyJrtkr of the Marc* 

02 MARCH 1992 



H01L21/00 



TECHNICAL FIELDS 
SEARCHED Oat. CLS ) 



H01L 
H05K 
B6SG 



BOLDER G.J. A. 



2 

i 

o 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant If taken alone 

V : particularly relevant if combined with another 

document of the same category 
A : technological background 
O : non-wrttten disclosure 
P : Intermediate document 



T : theory or principle underlying the invention 
E : earlier patent document, but published on, or 

after the filing date 
D : document cited in the application 
L : document cited for other reasons 



A : member of the same patent family, corresponding 
document 



17 



QMcnnrin- <cd 



